Abstract: This experiment was conducted to optimize the culture conditions to induce calli from chilli pepper (Capsicum annuum L.) local cultivar. The mature seeds were surface sterilized for one min with 70% Ethanol followed by 20 min with (0%, 2%, 4% or 6%) NaOCl and were germinated on MS medium with 2 mg/L GA 3 . Seedlings and mature fruits were used as explants source. The placenta, pericarp, hypocotyls, cotyledonal leaves, shoot tips and roots were cultured on MS media supplemented with
Introduction


Chilli pepper (Capsicum annuum L.) is one of the important plants of the family Solanaceae which is grown world widely. Pepper has been used as nutritional and economical [1] , industrial [2] and medicinal [3] plant. Therefore many researchers are interested in improving pepper productivity by using biotechnology methods such as tissue culture [4] .
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There are many factors affecting any plant tissue culture. Growth regulators and the explants which are used to initiate the callus culture may have the highest impact on the success of culture establishment. Several reports showed the effect of hormones in different combinations and different concentrations on callus induction from different pepper varieties. Abundant of callus formed on the cultured cotyledons, hypocotyls and shoot tips when 2, 4-D was used in the initiation medium [5] . Other researchers produced calli from protoplast successfully using combination
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Explants of Chilli Pepper (Capsicum annuum L.) 19 of BAP and NAA in different concentrations [6] . Moreover callusogenesis were induced from anthers of many pepper verities [7] . Moreover an efficient system was established for inducing calli from two Capsicum varieties staring with young leaf, apex, hypocotyls and cotyledons explants by using auxins and cytokinins of different combinations and concentrations [8] . An efficient and reliable In vitro protocol was established for induction and regeneration of calli in varieties of hot calli (Capsicum frutescens L.) var. Nepali and NARC-IV. Early initiation and induction with sustainable calli growth in both varieties was achieved using 2, 4-D [9] . The conditions of all experiments are specific for the variety under investigation. Therefore the main objective of the current study was to test the ability of a wide range of explants of chilli pepper (shoot tips, cotyledons, hypocotyls, roots, placenta and pericarp) to induce calli with sustainable growth under the influence of different growth regulators using a native cultivar of Capsicum annuum L.
Materials and Methods
This research was conducted at the tissue culture laboratory of Genetic Engineering Department, Food and Biotechnology Center, Ministry of Sciences and Technology during the year 2012-2014. Mature seeds of chilli pepper local cultivar were purchased from local market and used in this experiment.
Seeds were surface sterilized with 70% Ethanol for one mint. Then they were transferred to Sodium Hypochlorite (NaOCl) of different concentrations (0.0%, 2.0%, 4.0%, or 6.0%) for 20 min with continuous stirring. The seeds were rinsed three times with sterilized distilled water 5 min each and cultured on full strength MS [10] supplemented with 2 mg/L GA 3 , 30 g Sucrose and 6 g Agar. Cultured seeds were incubated in the culture room at 25 ± 2 °C, 16 h light of 1000 Lux intensity and 8 h darkness. Contamination percentage was recorded after 7 days.
The germinated seeds were used as explants source. All the experiments were conducted in CRD (Complet Randomized Design) with 10 replications per each treatment. Collected data were analysed using Gen Stat program [11] and the means were compared using L.S.D. (least significant differences) at 0.05% probability.
Results
Explants Sterilization
The results of the sterilization experiment (Table 1) showed significant differences among the treatments in the elimination of contamination. Using ethanol alon gave 100% contamination in the seeds and the pericarp while the placenta showed 61% contamination. This result was expected because the placenta is protected from the environment by the pericarp and it is the main source of Capsicine which has antibiotic and antifungal activities [12] . Sterilization with Sodium Hypochlorite after Ethanol treatment reduced the contamination. As the concentration of Sodium Hypochlorite was increased the percentage of contamination was decreased. The highest percentage was 87% for the control treatment followed by 43.11% for 2.0% Na0Cl. Whereas no contamination was recorded with 4.0% and 6.0% NaOCl. However 6.0% Na0Cl had a negative effect on seeds viability and browining the placenta and the pericarp explants. Significant diffrences were also found among the explants.
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20 The lowest contamination was recorded for the placenta (20.25%) compared with (34.42%) and (42.92%) for the seeds and the pericarps respectively. The interaction between the explant and the sterilization treatments showed that 4% and 6% NaOCl gave 0% contamination in all the explants under investigation. To avoid browning of the tissue 4% NaOCl was adopted in the precent study.
The establishment of sterilized culture has great impact on the success of any tissue culture project. Thus several disinfectants have been used for the surface sterilization of different cultured explants. Some with high hazard such as mercuri chlorite (HgCl 2 ) which required special handling [13] or antibiotics [14] . In the current experiment two disinfectants were used a combination of constant concentration of Ethanol and four different concentrations of Sodium Hypochlorite. The last is widely used in tissue culture for it's affect on a wide range of microorganisms [9, 15, 16] . HOCl (hypochlorous acid) is formed during the interaction of NaOCl with H 2 O which act as oxidative and Cl is released [17] .
Effect of Growth Regulators on Calli Fresh Weight
The results showed (Table 2a) significant effect for IAA concentrations on calli fresh weight. The addition of (2 mg/L) IAA to the medium gave the highest fresh weight (220.47 mg) compared with the other treatments. Moreover Kinetin showed the same effect as IAA. The highest fresh weight (214.12 mg) was obtained when (2 mg/L) of Kinetin was used and it was significantly different than the other treatments.
In regard to the interaction between the growth regulators the results showed that MS medium supplemented with (2 mg/L) of each hormone gave the highest callus fresh weight (323.0 mg) which was significantly different than the other combinations.
Effect of Explant and Growth Regulators on Callus Induction
The results showed significant effect for the explant on the callus fresh weight in the presence of IAA in different concentrations (Table 2b ) .The Hypocotyls gave the highest fresh weight followed by Cotyledonal Leaf with a mean of (160.58 mg) and (147.81 mg) respectively. The lowest weight was (122.33 mg) which was recorded for the roots. In regard to the interaction of explant and IAA, the highest fresh weight was (247.26 mg) for the Hypocotyl grown on medium supplemented with 2 mg/L IAA whereas the lowest was (54.08 mg) for the roots grown on medium without IAA.
Moreover the results (Table 2c) showed that callus fresh weight produced from different explants is affected by the addition of Kinetin in different concentrations. The highest fresh weight was (238.35 mg) for the calli produced from the Hypocotyls in the presence of 2 mg/L Kinetin and the lowest was 41.14 mg for the calli of the roots cultured on medium without Kinetin. without Kinetin. The interaction analysis between the Kinetin and the explants showed that calli produced from the Hypocotyls gave the highest fresh weight when 2 mg/L of Kinetin was added to the medium followed by Cotyledonal leaves (238.35 mg) and (223.69 mg) respectively. Three ways (Table 3) showed significant effect for NAA on calli fresh weight induced from these explants. No calli were induced from both explants without NAA, whereas the Pericarps gave significantly higher fresh weight than the Placenta with a mean of 125.77 mg and 110.42 mg respectively. The medium with 2 mg/L NAA gave the highest fresh weight (197.60 mg) which was significantly different from the other treatments. Moreover the interaction analysis showed that the Pericarps gave the highest fresh weight (210.30 mg) when they were cultured on medium supplemented with 2 mg/L NAA. But it was not significantly different from (184.90 mg) for the placenta cultured on the same medium. However both of them were significantly higher than the other combinations.
The addition of 2,4-D to the callus induction medium showed significant effect on callus fresh weight of all explants whereas no callus was induced without 2,4-D (Table 4 ). The highest fresh weight (265.25 mg) was obtained when 2 mg/L 2,4-D was added to the medium which was significantly different than the other concentrations. The explant type showed low significant difference in the fresh weight with the pericarp (173.85 mg) higher than the placenta (154.90 mg). The interaction analysis showed that the lowest fresh weight was (155.30 mg) which was recorded for the calli induced from the Placenta on medium supplemented with 1 mg/L 2,4-D. Moreover no significant differences in the average callus fresh weight for calli induced from the pericarp on media supplemented with 2 or 4 mg/L 2,4-D and from the placenta grown on media supplemented with 2 mg/L 2,4-D, but they were significantly different than the other treatments. and non regenarable type (Fig. 1 ). This might be due to Ethylene production which reduces cell division [25] . Moreover high concentrations had negative effect on the enzymes responsible for cell wall structure and mechanism hence affecting cell division [19] . Synthetic auxin like 2,4-D has been developed as herbicide to control weed. On the other hand low concentration of 2,4-D reduces RNA polymerase activity which reduces cell division [20] . Low and high concentration of 2,4-D reduces the enzyme activity for nucleotide incorporation in RNA which is required for continued tissue growth [21] . The suitable 2,4-D concentration increases DNA and RNA which enhances growth [22] . Hasanat [9] showed that the suitable Auxin concentration in the medium will affect expansion enzyme and loosening the cell wall which inhibit initial growth of the explant. Callus induction depends greatly on the balance of Auxins and Cytokinins in the cells. The last plays important role in the cell division due to its adenine group [23] . Taiz and Zeiger [19] reported that the optimal Auxin concentration increased rRNA transcription and propagation and enzyme activity which will accelerate callus growth.
The addition of Auxins and Cytokinins in the medium induces lateral bud formation. Several researchers found that this combination initiate shoot formation on pepper hypocotyls [24, 25] . On the contrary the results of the current experiment agreed with what was reported by Christopher and Rajam [26] that the endogenous Cytokinins of Capsicum are very high thus the explants induce calli instead of lateral buds.
Callus was induced from all explants on all types of medium used in this experiment (Fig. 2) . Although the medium with 1 mg/L IAA and 0.5 mg/L Kinetin gave the highest calli fresh weight was not adopted for further experiment because the explants produced calli and formed shoots as well (Fig. 3) . However, the medium which was supplemented with 2 mg/L of both IAA and Kinetin that induced callus only without shoot formation was the best. Moreover the best explant for callus induction under the conditions of the current experiment is the Hypocotyls. This result is in agreement with what was found by Umamaheswari and Lalitha [21] . The different response of the explants is due to the endogenous hormones which control cell division and callus growth.
Conclusions
In conclusion the best sterilization method of chilli pepper seeds is by 70% ethanol for one minute followed by 20 min in 4% (NaOCl). The best explants for callus induction only is the Hypocotyls grown on MS medium supplemented with 2 mg/L of IAA and Kinetin under the conditions of the current experiment.
